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TRTRODUCT ION 


Range burning has been practiced in the vast bluesten range of the 
Flint Mills, Burning dates may vary widely within a locality even during the 
same season, A great variation in grazing intensity is often observed on 
similar ranges, These management differences point out the need for 
evaluation studies end presentation of results to ranchers in a convincing 
form, 

Extensive research has been conducted on forage production of native 
range under different management practices, Many range management studies 
have dealt with vegetation top growth analyses, but root growth has seldom 
been investigated, Root growth is probably mre important to investigate 
than top growth since plants must have a healthy, vigorous root system to 
obtain water and nutrients from the soil before they ean produce abundant 
top growth. Improper range management has resulted in depleted grass root 
systems as well as reduced top growth. 

A thorough study of grass roots in pastures managed differently may 
reveal the relationship of managenent systens to root growth, forage 
production, and range condition. A knowledge of the quantity of roots 
present, their distribution in the soil, and carbohydrate content would be 
valuable, With these thoughts in mind, this study was undertaken te deter. 
mine the effect of grazing at three different stocking rates and burning at 
three different dates on root development in six separate pastures. Volume, 
weight, and carbohydrate content of roots in the soil profile were measured, 


Anderson and Fly (1955) stated that bluestem grasslands such as in 
the Flint Mills, when at or near climax condition, are very productive and 
are characterized by high stability under grazing, and this condition is 
not easily disturbed except by repeated burning over dry soil or long 
continued abusive grazing. Observations on native grassland have revealed 
that. burning and grazing management practices vary widely even in the same 
area, Many grazing and burning studies need to be evaluated to give a 
better understanding of the effects of a particular management practice on 
range condition to determine proper range management for a particular ares, 


The Flint Hillis Grazing Region 


The Flint Hills grazing region was deseribed by Anderson and Fly (1955) 
as an approximately 4,000,000 acre region extending from the Nebraska-Kansas 
line on the north, inte northern Oklahoma whore it is known as the “Osage 
Hills," The terrain is rolling to hilly with relatively smooth, narrow 
divides bordered by steep slopes and rock outcrops (Fig. 1). 

The average annual precipitation ranges from 3 to 38 inches north to 
south, and the growing seasons vary from 170 to 190 days, According to 
Anderson and Fly (1955) the native vegetation is classified as true prairie 
being dominated by mid and tall grasses, As described by Fly (1949) the 
residual soils have developed from massive limestones, interbedded gray and 
yellow shales, and highly flinty or cherty limestones of the lower Permian 
formations, These soils have dark, well-granulated silt loam or silty clay 
loam surface horizons with abundant rock and chert fragments, 
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Anderson and Fly (1955) studied the relationship of the native plant 
population to soil differences on the Donaldson pastures of the Kansas State 
University Agriculture Experiment Station, Manhattan, Kansas, and revealed 
six vegetation-soil units that were recognised as range sites, These six 
were nawed: ordinary upland, limestone breaks, clay upland, claypan, very 
shallow, and lowland range sites, Characteristics of these are sumarised 
as follows: 


Upland Site. Lands having of 
soil with mediua or loamy texture and hence with suitable soil plant 
moisture support the of vegetation that is climax 


Ch =Glaypan Site. Lands having sufficient depth of soil, but 
with even more restrictive water relations than the clay upland 
thus supporting a preclimax vegetation. 


One of the impressive characteristics of the native grasses in the true 
prairie is their very extensive root systems, This characteristic may 
contribute considerably to the great stability of these grasses, 


Th studying the grasses of the true prairie, Weaver (1953) deseribed — 
the root systems of several. grasses common to the Flint Hills, ie foun 
teat tao secte of 180the Veetan Adiemus iembieies ate! etten 
penetrated to a depth of 4 to 5 feat, ‘The root ayztaus of nature plants 
consisted of a vast network of roots and masses of finely branched rootlets, 
some more than 30 inches in Length and branched to the third order, 

Big bluesten (Andropogon gerard’ Vitwan) roots extended to a depth 
of 6 te 7? feet on upland true prairie, ‘the roots ware abundant and 
extemied downward almost vertioally whth numerous laterals 2 to 6 inehes in 
length, ‘The main roots were rather coarse measuring 1 to 5 wu, in diameter, 
Goarge rhizomes 3 to 6 m, thick and mach branched were quite abundant. They 
generally oceurred 1 to 2 inches below the soil surfase but were common to 
a depth of 4 inches, Indiangrass (Sorghastruy mutang (le) Nash) had roots 
not so Goerse nor quite so deep, although thay were often branched more 
abundantly than those of big bluestem, 

Weaver (1958) fours that the abundent roots of switchgrass (Panicum 
Virgatun Le) in the lowlands extended dowward 8 to 11 fect but branched 
rather sparingly. ‘hese roots were 2 to 4 mm, in diameter. ‘The surface 
5 to 6 inthe of the soil contained many branched rhizomes, ‘The well-branched 
roots of sideoats grams (Boubelous outipendula (Michx.) Torr.) attained 
depths of 4 to 5.5 fect. These roots were rather fine and spread laterally 
1 to 1,5 feet. Kentucky bluegrass (Poa pratensis L.) had a very well- 


‘common and selentific plant names, and taxonomic authorities follew 
aviergon, & be 1961, Common Names of a Selected List of Plants, Tedh. 
Bul, 117 Kans, Agr, Uxpt. Sta, 


developed root system. ‘These roots were fine and thickly branched and 
formed dense mats in the surface 1,5 to 2 feet of soil but sometines 
extended to 3 feet. 

Brom Weaver's deseriptions above, it is evident that grass roots are 
much more extensive and reach to greater depths than a casual observer might 
think. ‘The extensiveness of root systems vary depending on such things as 
the soil characteristics, species, moisture availability, and plant vigor. 
Roots of some species are very fine and fragile at their deeper depths and 
gould be easily overlooked without careful excavation techniques. Hulbert 
(1955) noted this when he studied root systems of several Bromus species in 
Idsho. He was able to trace roots of downy bromegrass (Bromus tectorum 1.) 
to a depth of over 4 feet into a caliche layer when they had been previously 
deseribed by Tisdale (1947) as having a shallow root system and reaching 
a depth of 1 foot. 


Grazing Management 


Anderson (1959) stated that prairie plants are adapted to grazing, and 
moderate grazing is not detrimental to their development. Still, range is 
not indestructible and may be abused by Livestock grazing too early and too 
late in the season, or by stocking too heavily. 

Duvall and Linnarts (1967) reported that botanical composition remained 
relatively constant under moderate grazing but changed markedly on ungrazed 
and heavily grazed range of longleaf pine-bluestem area of Louisiana, 
Herbage yield and density of cover were greater on both moderately and 
heavily grased than on ungrased range, ‘The fact that heavily grazed range 


apparently maintained its yield and density of cover in Louisiana, whereas 
it does not in the Kansas Flint Hills, may be partly explained by the 

former's higher average rainfall of §8 inches annually, Had the grazing 
intensity been further inereased, a reduetion in yield and density of cover 

Grasing intensity is most noticeably reflected in forage yields, The 
1959 to 1965 forage production averages were reported by Ovensby (1966) on 
three different stocking rate pastures of the Donaldson experinental unit, 
Kansas State University, Total forage production figures from these pastures 
showed moderately grazed 3216, Lightly grased 1165, and heavily grazed 
“pasture 3240 pounds of air-dry forage per acre, These are the sane three 
grazing intensity pastures included in this thesis, 

Different intensities ‘of grasing are reflected in different range 
conditions, Anderson (1959) stated that grazing use is the major factor 
affecting range condition. In the Osage rangeland of Oklahoma, Hazell (1967) | 
reported that heavy grazing caused a decrease in range condition, an increase 
in undesirable grasses and forbs, and a decrease in plant vigor, In his 
study, little bluestem was by far the most abundant in the moderately grazed 
pasture while buffalograss (Buchloe dactylgides (Nutt.) Engelm) and tall 
éropseed (Sporobulus asper (Michx,) Kunth) were the most abundant in the 

It is less evident that different intensities of grazing are reflected 
in root systens of range plants than in range condition, Weaver (1950) 
found great differences when he sampled root systens in soil monoliths fron 
the same soil (Carrington silt loam) in three grades of pasture in south- 
central Nebraska designated as high, mid, and low-grade, Root samples were 
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chosen according to the average composition of the vegetation in each grade 
of pasture, ‘The vegetation was mostly Little bluesten in the high-grade, 
about half Little bluestem and half bluegrass in the wid-grade, and 
predominately bluegrass, blue grama (Boutelous gracilis (4.8.x.) Lag. x 
Steud, ) and weeds in the low-grade sample, Total amounts of underground 
plant material, expressed as grams of oven-try weight, were 4,92, 68,39, 
and 35,07 in the high, mid, and lowgrade pastures respectively. ‘the 
replacement of bluestem grasses by bluegrass, which oceurred in the pastures 
of Weaver's study, has a definite detrimental effect on forage yield, Weaver 
and Darland (1945) observed a $0¢ annual loss of yield due to this 
replacement. é 

Tn the mixed prairie of North Dakota, Lorenz and Rogler (1967) compared 
roots developed under moderately and heavily grased pastures which had been 
under that management for 40 years, Although total root weights in a foot 
profile were about the same for both pastures, there was a larger percentage 
of root material at each depth below the upper foot in the moderately grazed 
than in the heavily grased pasture, foot distribution figures of Lorens and 
Rogler (1967) verified similar findings by Weaver (1950). 

Close clipping, used to simlate close grazing, has been found to stop 
root growth, Crider (1955) studied three cool-season and five warm-season 
grasses under greenhouse conditions, and observed that a single clipping 
which removed most of the foliage stopped root growth for 6 to 18 days. 
Continued frequent, Glose clipping caused complete and prolonged stoppage, 

Weaver (1950) made a study of the deterioration of little and big blue- 
stem in high, mid, and lowgrade pastures, Little bluestem demonstrated 
decreased density of the root mass at all soil levels and decreased depth 
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of penetration of roots from the high to the low.grade pasture, The roots 
were about 5, 4%, and 3 feet deep in the high, mid, and low-grade pastures 
respectively. Similar results were obtained with big bluestex, 

A measure of vigor was obtained by Weaver (1950) by taking sods of 
Uittle bluestem from high, mid, and low-grade pastures and transplanting 
watered, After six weeks, the roots and tops were weighed, The dry weights 
of the new tops were 30,22, 12.89, and 1.87 gm, respectively, Dry weights 
of new roots below the old sod ware 4,70, 1,72, and 0.33 gm, in the high, 
inid, and) low-grade pastures respectively, a ratio of 1% to 5 to 1, Again, 
these results exemplify the harmful effects of over-grasing. 


Hille range and still is common, Increased livestock gains have provided 

the major incentive for range burning. Increased Livestock gains are partially 
due to an increase in protein content of the forage following burning, 3nith 
and Young (1959) reported the protein content of forage during July, in the 
mid.spring burned pasture of the Kansas State University experimental area, 
to be 6.30% compared to 5.70% from a non-burned pasture, In the blue 
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grama-pinyon- juniper vegetation of ilew Mexico, Dwyer and Pieper (1967) 
reported protein content in June following an April fire was 16.1% compared 
to 14.8% on an unburned area, 

Aidous (193%) found that the protein content of forage following burning 
inereased with later spring burning dates on plots at Kansas State University, 
He reported 8.50, 9.31, and 12.37% protein content of forage during early 
dune in early, mid, and Late-spring burned plots respectively. Smith et al. 
(1965) reported the 15.year average of beef gains in mid an! late-spring 
burned Donaldson pastures to be 20 and 23 pounds per steer higher than gains 
on an adjacent unburned pasture, | 

ne of the big questions about burning is its effect on forage yields, 
Aldous (1994), MeMurphy and Anderson (1963), Owensby and Anderson (1967), 
and Dwyer and Pieper (1967) found a definite decrease in forage yields 
following burning. MeMurphy and Anderson (1963) summarized the long tera 
forage yield from 1928 through 1960 on plots at Kansas State University. 
Production figures from these plots resulted in yields of 3960 pounds of 
air-dry forage per acre from the cheek plots, 39 pounds from the mid-spring 
burned plots, and 3536 pounds from the early~spring burned plots, 

Forage production from the grased Donaldson pastures of the Kansas 
State University experimental area has followed the sane general trend, the 
unburned pasture producing the greatest, and the early-spring burned the 
smallest yield, Owensby and Andersen (1967) reported the average forage 
production from 1959 to 1965 on three of the Donaldson experimental pastures 
(which are the burning date pastures involved in one portion of this root 
study), ‘These forage production figures from an ordinary upland range site, 
expressed as pounds per acre of air~dry forage, were 3919 from the unburned, 
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3529, 3238, and 2612 pounds from the late, mid, and early-spring burned 
pastures respectively. All of these yleld reductions were significant at 
the 0,05 probability level except those of the late-spring burned pasture, 
The late-spring burned pasture had significantly lower weed yields than in 
the unburned cheek at the 0,05 confidence level, 

In contrast to the work reported in Kansas, Duvall (1962) in central 
Louisiana found no difference in G.year tests in herbage yield between areas 
burned in January and those burned in March, ‘The differences in these 
findings may be partly explained by differences in precipitation in the two 
areas; an anmal average of 58 inches in central Louisiana compared to 32 
inghes anmally in the Flint Hills, Reduced soil moisture is one of the 
biggest drawbacks to range burning and in areas of high precipitation this 
effect would not be as noticeable, 

Duvall (1962) stated that a key to good forage production in the slender 
bluestem area of central Louisiana is preventing large acewwlations of 
herbaceous litter from building up. In a study on southern bluesten range, 
G@elen and Epps (1967) reported that yield and mutrient content of herbage 
on burned plots differed little from plots that were closely mowed and raked, 
Thus, they attributed the beneficial effects of burning mainly to litter 
removal, ih contrast to the statements by Duvall (1962) and Grelen and 
Spps (1967), Duvall and Linnarts (1967) reported that during a 12-year test, 
litter was little affected by burning. 

A change in botanical composition following fire has been observed in 
several studies, In the Flint Mills, juniper (Juaiperas virginiana L.) is 
quite satisfactorily controlled where burning occurs, 

buyer and Pleper (1967) stated that 24% of the juniper (Juniperus 
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monosperaa (Engelm) Sarg.) and 13.5% of pinyon pine (Pinus edulis Engeln, ) 
were killed by # wild fire 4n southecentral New Mexico, In contrast to 
finding & switeh in botanicsl eomposition, Duvall and Linnarts (1967) 
reported no change in species conposition during a 12-year study in the 
Longleaf pine-bluesten range of Louisiana, 

Medurphy and Anderson (1963) stated that reduced soil moisture brought 
about by bumning appeared to be the major cause of herbage yield reduction, 
Aldous (193%) found a close relationship between soil moisture and forage 
yields, He attributed difference in yields primarily to differences in soil 
noisture content. 

Durning may influence the intake of water by the s0f1 and evaperation 
of water from the soil, Manke ané Anderson (1957) found that burning at any 
‘time greatly decreased water intake, ‘They aleo stated that more water was 
lost by evaporation as the time interval from burning to the initiation of 
growth in the spring increased, Reduced water loss by burning Late in the 
spring or not burning at all will increase forage yields and water use 
efficiency. 

Nerphy and Anderson (1965) concluded that all dates of range burning 
reduced soil moisture, but late-spring burning reduced it least, ‘They 
reported that this reduction was largely due to decreased infiltration and 
that this caused a shortage of moisture in the lower part of the soil profile 
which uss critical to plants during éry seasons, 

Since Late-spring burning appeared to be the least detrimental, 
MeMurphy and Anderson (1965) narrowed the question to a comparison of late. 


_ Spring burning and no burning. 


4% 


reduced 
forage 
te) and 
fire (MusMurphy and Anderson, 1965). 


MATERIALS AND METHODS 


The field reseereh was conducted the summer of 1967 on Kansas State 
University rangeland, The study area is 5 miles northwest of Manhattan, 
Kansas, in the Flint Hills region of the True Prairie, ‘The average annual 
precipitation for Manhattan ie 32,0 inches, Nearly 3/% of it occurs from 
April through September. 

The vegetation of the area is largely warma-season perennial grasses, 
is@,, big bluestem, Little bluestem, indiangrass, switchgrass, and sideoats 
grama. Buffalo grass and blue grama are abundant only on sites having less 
favorable moisture relations, 

Six pastures were selected which have each been under different 
management treatments continuously since 1950 (Table 1), Three “acre 
pastures have been burned anrmally at three different dates termed early, 
mid, and late~spring burn, These three pastures were moderately stocked, 
The other three 60-acre pastures, which were not burned, have been stocked 
at three different stocking rates termed light, moderate, and heavy, 
Yearling steers and heifers grazed 211 pastures from May 1 to about 
Oetober 1 each year. 


1, Aeres per animal unit. 


All pastures sampled contained ordinary upland and Limestone breaks 
range sites, In addition, pastures 1, 2, and 3 contained clay upland and 
pastures 9, 10, and 11 contained claypan sites, Two range sites were 
selected from each of the six pastures, ‘These sites were ordinary upland 
in all six pastures, clay upland in pastures 1, 2, 3, and elaypan in 
pastures 9, 10, and 11, resulting in a total of 12 collecting sites, 

4 Gidding's hydraulic soil probe mounted on a deep truck was used to 
collect soil-root cores from these aites in early duly, 1967 (Fig. 2). Aerial 
photos, with range site boundaries dram in, were used to locate the 
approximate collecting areas, All of these areas were of similar distance 
from water so that grazing distribution was nearly uniform. 

Three soli-root cores were collected at each range site with each core 
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considered as a sub-sample. The driver could not see the vegetation under 
the probe when he stopped the truck, and it was felt that this gave an 
unbiased method of collecting the subsamples, 

_ Plans in the original experimental design were to use a 3-inch diameter 
probe on all range sites and collect to a depth of 60 inches, However, 
because of a predominance of rocks or a very tight clay layer, cores were 
eollected to a depth of 30 inches with a 1}-inch diameter probe in the clay 
upland and claypan range sites, and to a depth of 54 inches with a 3-inch 
diameter probe in the ordinary upland site. 

The soil-root cores were separated into depth increments so that root 
distribution could be studied. Immediately after extracting, the soil-root 
cores were laid on a 1 by 4 board and cut at 4, 8, 12, 18, 24, 30, 36, 48, 
and 54 inches. This resulted in eight increments per core in the ordinary 
upland range sites and six increments per core in the clay upland and clay~ 
pan sites. Each soil-root increment was placed in a labeled paper bag. 

After the field collecting was completed, the samples were placed in 
i«gallon cans where they were soaked in water for a minimum of 24 hours. 
A sieve was constructed for washing the soil from the roots by making a 2 
by 4 foot frame from 1 by 4 lumber and attaching a copper window screen to 
the bottom. ‘The frame was partitioned to produce eight, one square foot 
compartments (Fig. 3). ‘The soaked soil-root samples were transferred into 
separate compartments and painstakingly washed with a small stream of water 
from a hose (Figs. 4 and 5). No attempt was made to separate dead plant 
material from live roots. 


1, eut was made at 30 inches in the clay upland and claypan range sites 
only. 
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The roots were air-dried and then analyzed volumetrically by water 
@isplacement in either e 10 or 100 ml. graduated cylinder, depending on the 
anount of roots eontcined in the particular sample, 

The roots were then placed in Labeled paper bags an‘ oven dried for 
three days, After drying, the roots were weighed on a Mettler mg. scale, 
the roots from the uoderately stocked and the late-spring burned pastures 
were ground in aa intermediate Wiley mill. The resulting material was 
analysed for total available carbohydrates (“cinaann, 1947). ‘The sub«samples 
and some of the increments were combined in some instances because of the 
wall amount of roots availablo, 

The root weight cata wore statistically analysed according to range 
sites within the stocking rate pastures and within the burning date pastures, 
This was done because the rocky, or tight clayey condition of the sub-soil, 
prevented the hydraulic soil probe from penetrating to the desired depths in 
‘two range sites, As a result, there wore no samples collected from 16 to 90 
inches in the claypan range site of the late.spring burned pasture, and 
from 48 to 54 inches in the ordinary upland site of the lightly grased 
pasture, Because some sauples were missing, data were analysed as follows: 
(1) Glaypan range sites of burning date pastures to 4 depth of 18 inches, 
ami (2) ordinary upland sites of grasing intensity pastures to a depth of 46 
inches, (3) Glay upland range sites of grazing intensity pastures to the 
planned depth of 30 inches, and (4) ordinary upland sites of burning date 
pastures to the planned depth of 5% inches. 

an analysis of variance was conducted on eath of the resulting four 
groups of root weight data, Least significant difference (L3D) tests were 
conducted on the root weight means of the depth increments to determine 


A doternination was made of the percentage of total oven-dry root weight 
from each pasture contained in eath depth increnent. 

Sinee the question of primary concern is 2 comparison of moderately 
grazed unburned and moderately grased late-spring burned pastures, root 
carbohydretes were determina! in these tw pastures only. 4n analysis of 
variance was conducted on the carbohydrate content of the roots between 
the two pastures, and 2 LSD test was used to determine which increments 
within each pasture vere significantly different in carbohydrate content. 


RESULTS AND DISCUSSION 
Reeults 


At the beginning of this study, 1t was hypothesised that past range 
management had an effect on the quantity and distribution of range plant 
roots in the soil, It was speculated that range plants in properly managed 
pastures (considered to be unburned moderately stocked and late-spring 
burned) may have a greater root accumulation, and a different distribution 
of roots than plants in improperly managed pastures, 

Analyses of variance of the root weight data revealed no significant 
difference, at the 0,05 level of probability, in the amount and distribution 
of roots between differently managed pastures (pastures and pastures x 
depths), A correlation coefficient between root weight and volume was 
determined to be 40.97 (Teo. 2965 <P 4982), Since root weight and 
volume were highly correlated, the volume data were not included in further 
statistical analyses, 

Fetests on the analyses of variance data, revealed that in every instance, 
depths were the only source that had a significant difference, and they were 
different even at the 0,005 level of probability (Tables 2, 4, 6, and 8). 
LSD tests on the root weight means of the depth increments revealed that in 
every instance, the 0 to 4 inch increment contained a significantly greater 
amount of roots than any other depth increment at the 0.05 level of 
probability (Tables 3, 5, 7, and 9). In the elaypan and clay upland range 
sites, the 6 to 4 inch increment was the only increment that contained a 
significantly greater anount of roots than greater depth increments. 


Table 2, atipie. ot eathinnn es AAMiatdi ts Wn ertioney wiint 
range sites of the grasing intensity pastures, 


analysis of Variance 2/ 
Source De Fe m™ & F-test 
Cores 2 06,0957 O.11 ms, 
Pastures 2 0.4174 0,46 nem 
Error a 4 0.9100 
Depths 6 21,2274 37. 36* 
Px D 12 0, 1411 0,25 nym, 
Error b 36 0. $690 

1, The root were grams per inch of depth 
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The asterisk (*) indicates significance at the 0,005 ——w 
, ‘entiye "n,s." denotes non-significance at the 9405 probability Level. 


if 
i. 
E 
i 


- Depth (in. ) Heavily Moderately Lightly y 
inerenent grazed grazed grazed Mean 
On4 1.379 1,123 1,431 0.4378 
a) 0.274 0.212 0,263 0.083% 
8.12 0.209 0.112 0.122 Os 
12.4 0.192 0.067 0,073 0.037be 
13— 9.138 0.083 0.056 0.031be 
Bh H 0,024 0,037 0,024 0,009¢ 
36048 0.029 0,021 0,025 .008e 


1. beige Ac age naga, Miner a> gelesen Prabal 
Significantly different at the 0.05 level of probability. ‘The largest 
Value, and all not statistically different from it, is always followed 
by the letter "a", LSD (0.05) =0.069 


Table 4, Mui£rewioa.£- 
vange sites of the burning date pastures, 


1, Values which are followed by the sane letter are not 
slguishonntiy Gatfarent ah the 0.05 Leed of & probability. a a 
value, and all not statistically different from it, is always followed 
by the letter "a", Lsp (0,05) = 0,040 
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Table 6, aetiovhn at variance of root weights in the clay upland range 
tes of the grazing intensity pastures, 


1, Values which are followed by the 
significantly at the 0.05 level of probability. The largest 
value, and all not statistically different from it, is always followed 
by the letter "a", LSD (0.05) = 0,107 


burning date pastures, 

Analysis of Variance y 
Source Bb F. Mm S. F-test 
Cores 2 1.4275 2.88% node 
Partures 2 1.7108 3.07 Nets 
Error a & 0.5971 
Depths 3 ar 6,62* 
PxD 6 0, 687 109? uD 


1. ‘the asterisk (*) indicates significance at the 0.005 probability 
Level; "n.3." denotes non-significance at the 0.05 level, 


1, ee ee eee en nee 
Significantly different at the 0,05 level of probability. The largest 
ee ae ee is always followed by 
the letter "a", L&D (0,05) = 0,082 


The ordinary upland range sites displayed more variation in the 
distribution of the roots than did the clay upland and the claypan sites, 
In the grazing intensity pastures, the 4 to & inch increment contained 
significantly more roots than the 24 to 36 and 36 to 46 inch increments, 

In the burning date pastures, the 4 to & inch increment had a significantly 
greater root aceumlation than all depth increments from 12 to 54 inches, 
The 8 to 12 inch increment contained significantly more roots than the 
increments included in the 24 to 54 inch depth, 

fables if and 13 show the total weight of oven-dry roots in the grazing 
intensity and burning date pastures respectively, The figures are rather 
erratic and as previously stated there was not a significant difference in 
total root accumulation between pastures, ‘The percentage of total oven-dry 
root weight from each grazing intensity pasture contained in each depth 
inerenent is given in Table 10, and of the burning date pastures in Table 12, 
With these percentage tables, care should be taken in making comparisons 
between depth increments since they were not all equal in length, However, 
the results of the statistical tests applied to the root weights expressed 
in grame would also apply to the root weights expressed as percentages, 

4n analysis of variance determination revealed no significant difference 
in the carbohydrate level of roots in the moderately grazed and Late-spring 
burned pastures at the 0.05 level of probability, ‘There was a significant 
difference at the 0,005 level in the carbohydrate distribution at various 
depths (Table 1%, The LSD test showed that the carbohydrate content in the 
0 to 4 inch increment was significantly greater, at the 0,05 level, than any 
ether increment, The 4 to 12 inch increment contained a significantly higher 
carbohydrate content than any deeper increment (Table 15). 


Depth (in. ) Heavily §§ Moderately lightly 
site increment, grazed grazed grazed 
Ordinary upland Ont 54,81 56. 54 65.43 
Yad pig H 11,80 12,72 
8412 08, 06,52 Hat 
12.18 11,14 06.66 89 
Be 964 / 92,89 06.9% 03.42 
nt 03,08 03.86 03.69 
voland Dat : 80. 
eo 1 3 O78 14,014 
8-12 red 04, 32 10,32 
12.18 16, 93.01 . 
1 93.09 95.85 
2h 90 02,08 


1, Refer to (1) below table 11, 


Range Depth (in,) Heavily Moderately Lightly 

site increment grazed grazed grazed 
ety a ee eee eee 
Ordinary — Onh8 10,066 07.350 08.619 
Clay upland 0-30 06.700 03.610 03,384 


Range Depth (in) — Barly Mad Late 
site inerement burned burned burned 
Ordinary upland Oun% 56.09 65.50 ~50 
48 12. 12.14% 10,00 
8412 07.5 06,91 07. 
12018 08,81 04,00 10,77 
one bg pon 07.34 
36.88 01 02, on, 
Na St 00.81 01,69 01,10 
Claypan Qnty 63 46.72 55.68 
. a oe 
12.18l/ 31.559) 10.83 


1, Refer to (1) below table 13, 
2. Uxceptionally large due to a Liatris taproot. 


‘Table 13. Total weight in grams of oven-dry roots in each of the burning 
date pastures; three per pasture are combined, 


Range Depth (in, ) Early Maid Late 

site inerenent burned burned burned 
pew upland ons 08, 504 08.598 10,282 
Claypan 0~18 02,959 06,947 02.537 
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Table 16 shows that, although not significant, there appeared to be 
some trends in the percent total available carbohydrates between the two 
pastures, The roots in the moderately grazed unburned pasture contained 
a noticeably higher percentage of carbohydrates than those in the late- 
spring burned pasture, 


Discussion 


The root weight data were analyzed in four groups because some 
uncontrollable factors caused nonuniformity in the data, Analyses of variance 
and LSD tests conducted on data from the ordinary upland range sites of the 
grasing intensity and burning date pastures are contained in Tables 2, 3, 4, 
and 5, from the clay upland range sites of the grazing intensity pastures 
in Tables 6 and 7, and from the elaypan range sites of the burning date 
pastures in Tables 8 and 9. 

The analyses of variance were conducted on the root weight data after 
they had been converted to grams per inch of depth. This conversion was 
necessary before comparisons could be made between depth increments since the 
increments were not all the same length, 

Although there was not a significant difference in the distribution of 
roots throughout the soil profile between pastures, there appeared to be 
noticeable trends, There was a higher percentage of roots at depths below 
24 inches in the ordinary upland range site of the moderately grased pasture 
than in the heavily and lightly grazed pastures, Previous soil moisture 
measurements have shown that the soil moisture level was lower in the 
moderately grazed pasture than in the heavily and lightly grased pastures, 
In the grazing intensity pastures, plant usage is probably the primary 
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Table 16, Percent total available carbohydrates in the moderately grazed 
unburned and late-spring burned pastures. 


an : uplandt/ u12 07.823 03, Aste 


1, Claypan range site in the late-spring burned and clay upland in 
the moderately grazed pasture. 


be ) 


faster controlling the soil moleture level, The fact that the moderately 
grazed pasture contained the highest percentage of roots at deeper depths 
is probably the wain reason soil moisture level is lowest in that pasture, 

In the grazing intensity pastures, root distribution and accumlation 
were expected to result partly from the response of range plant roots to 
grazing intensity. The percentage of reots that stopped growth was expected 
to vary in proportion to the percentage of the foliage thet was removed 
(Grider, 1955). If the plant roots in this study were responding to grazing 
intensity, it was not reflected in the results, Root accumilations at the 
deeper depths were just as great in the heavily grazed pasture as in the 
lightly and moderately grazed pastures, 

As the burning date became later, there was an increase in percentage 
of roots at depths below 24 inches in the ordinary upland range sites, and 
below § inches in the elaypan sites (disregerding the high pereentage at 
the 12 to 18 inch depth attributed to a dotted gayfeather (listris punctate 
Hook.) taproot), Previous soil moisture readings have revealed that the 
Soil moisture level inereased as the burning date became later in the spring. 
In the burning date pastures, infiltration and evaporation are probsbly the 
biggest factors controlling the soil moisture level, ‘he early spring burned 
pasture probably loses the most moisture from evaporation and reduced 
infiltration, The inerease in percentage of roots at deeper depths as the 
burning date became later, may have resulted from range plants responding 
te the higher soil moisture Level in these pastures, 

Tt is probable that the reason for not finding any real differences 
in root distribution and accumulation between pastures, was that the samples 
were not sufficiently large or mimerous enough. Having an adequate sample 
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size has often been a problem in ret studies, ‘There are several reasons 
why root samples need to be especially extensive when they are collected 
from native grassland, Numbers of plant species are large in the Flint Hills, 
even in the same pasture, Over 200 species have been collected in the 
Donaldson pastures of this study area, and different species have different 
root characteristics, Species are quite similar within an area when grouped 
by range sites ani grazing intensity, but it is very possible to have a large 
ford taproot in an occasional sample, This was demonstrated by the extrencly 
Large percentage of root weight in the 12 to 18 inch inerement in the elaypan 
site of the mid-spring burned pasture (Table 12), which was attributed to 

a dotted gayfeather taproot in one soil-reot core, 

Also, more samples are needed due to selective and unequal grazing by 
livestock even when atteapts are made to minimize this effect, such as 
collecting at approximately equal distances from water as was done in this 
study, ‘there was always a possibility of collecting sone root samples with 
Variation in ‘soil characteristics between the pastures even on the sane 
range site. For example, the samples from the clay upland range site in the 
moderately grazed pasture appeared to be exceptionally clayey from the 12 
to 30 inch depth. This characteristic of the soil was also observed from 
the 18 to 48 inch depth on the ordinary upland range site in the lightly 
grazed pasture, The percentage of the root systems contained at the depths 
of high clay content in the examples cited were especially emall (Table 10), 
The tightness of the soil possibly had a limiting effect on root penetration, 
The fine, fragile roots were diffioult te recover from these samples during 
the washing operation, 

It was also possible that the heavily grazed pasture was not grazed 
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intensely enough to cause significant differences in root distribution and 
acewwlation from that in the moderately and lightly grazed pastures, 

Although not significent, a somewhat higher percentage of root carbo. 
hydrates was found in the moderately grazed unburned pasture than in the 
especially noticeable between the oleypan ani clay upland range sites where 
a test of significance was not conducted on the samples because of insuffi~ 
effect on the root earbohydrate Level of range plents. ‘The percent total 
availble carbohydrates measured wae lower than has often been reported, but 
the root material contained very few plant crows singe the cores were cut 
off at the soll level when they were collected, ‘The crowns normally contain 
the largest concentration of carbohydrates, No attempt was made to scparate 
dead material from live roots and this may have further lowered the carbo. 
hydrate percentages reported, 

Tt would appear that a study of the amount and distribution of range 
plant roots 4n the soil and their carbohyirate content, cannot by iteelf, 
present enough information on which to base 2 total evaluation of past range 
management. Tt is important to consider al}. available information vhen malcing 
an evaluation of past range management, and range condition is one of the most 
important considerations since it takes into account several important factors 
ouch as botanical composition, plant vigor, and forage yield, 

De not discount the value of a root study since it is probable thet if 
there had been more severe differences in grazing intensities and more soil. 
root cores collected, preferably during more than one growing season, 8 
significant difference in root weight between pastures would have been found, 


SUSUARY AND CONCLUSIONS 


this study was initiated to determine what influence, if any, grazing 
and burning have on the roots of native range plants in the Flint Hills, 
Root volume, weight, distribution, and carbohydrates were determined, ‘The 
effects of light, moderate, and heavy stocking rates on plant roots were 
compared, as well as the effects of early, mid, and Late-spring burning. 
Three soll.roct cores were collected from two range sites in each pasture, 
These sites were ordinary upland in all six pastures, clay upland in the 
three stocking rate pastures, and elaypan in the three burning date pastures, 

The correlation coefficient between root weight and volume was deter. 
mined to be 40.97, Since they were highly correlated, the volume date were 
not included in any further statistical analyses, The root weight data were 
subjected to an analysis of variance according to range sites within the 
grazing intensity pastures and within the burning date pastures, Analyses 
of varianee conducted on each of the resulting four groups of root weight 
data indicated the following: 


1, No significant difference in the amount of roots between 
pastures at the 0,05 level of confidence, 

2 No significant difference in the amount of roots between 
cores or sub-samples at the 0.05 level of confidence. 


3. No significant difference in the distribution of roots 
the soil profile between pastures at the 0.05 level of 


4, Highly significant difference in depth of root penctration 
and distribution throughout the soil profile in each pasture at the 
0,005 level of confidence, 

LSD tests were conducted on the root-weight means of the depth incre. 


nents to determine which increments displayed significant difference in root 
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accumlation (0.05 level), In every instance, the 0 to 4 inch increment 
contained a significantly greater amount of roots than any other depth incre. 
ment. The 0 to 4 inch depth was the only increment that indicated a significant 
difference in the claypan and clay upland range sites, ‘the ordinary uplant 
range sites showed more variation in root distribution than the claypan and 
clay upland sites, 

Although there was not a significant difference in the distribution of 
reots throughout the soil profile between pastures, there appeared to be 
noticeable trends, There appeared to be @ decrease in the amount of roots as 
the burning date became earlier, at depths below 24 inches in the ordinary 
upland range site and below 8 inches in the claypan site, The late-spring 
burned pasture appeared to contain more roots than the other burning date 
pastures in the ordinary upland range site, ‘This may have been a response 
to soil moisture since previous measurements in the burning date pastures 
have shown that soil moisture levels were lowest in the early-spring burned 
and highest in the late-spring burned pastures, There were more roots below 
24 inches in the moderately grased pasture than in the heavily and lightly 
grazed pastures in the ordinary upland range site, Previous soil moisture 
measurements taken in the stocking rate pastures have shown that the moder- 
ately grazed pasture had the lowest soil moisture level, and the fact that 
this pasture had more roots at deeper depths than did the heavily and 
lightly grazed pastures may explain the lower soil moisture level in the 
moderately grazed pasture, The total weight of roots was greater in the 
heavily grazed pasture, on both range sites, than in the moderately and 
lightly grazed pastures indicating no root growth stoppage response by plants 
to grazing intengity in these samples, 
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Total available carbohydrates in the roots were determined and compared 
in the moderately grazed and late»spring burned pastures, No significant 
difference, at the 0.05 level, was found in the carbohydrate comtent of roots 
between these pastures on the ordinary upland range site. The percent total 
available carbohydrates in the roots was greater in the moderately grazed 
unburned pasture than in the latesspring burned pasture, This was especially 
noticeable between the clay upland and claypan range sites where a test of 
significance was not conducted because of only one observation in each 
pasture on these sites, The carbohydrate data indicated that even late. 
spring burning may lower carbohydrate Levels, ‘there was @ significant 
difference, at the 0.005 level, in the root carbohydrate content throughout 
the various depth increments, ‘The LSD test revealed that the root carbo- 
hydrate content in the 0 to 4 inch increment was significantly larger, at the 
0.05 level, than any other increment. 

Tt is probable that the reason there was no statistical difference in 
the amount of roote between the differently managed pastures was that samples 
were not large and mmerous enough. It was also possible that the heavily 
grazed pasture was not. grased intense enough to cause differences in root 
distribution and acoumlation from the moderately or lightly grazed pastures, 

_ Jt would appear that a study of the amount and distribution of range 
plant roots in the soil and their carbohydrate content, cannot by itself, 
present enough information on which to base a total evaluation of past range 
management. It is important to consider all available information when 
making an evaluation of past range management, and range condition is one of 
the most important considerations since it takes inte account several impor. 
tant factors such as botanical composition, plant vigor, and forage yield. 
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Lo not discount the value of a root study since it is probable that if 

grazing intensity differences were great enough and sufficient soil~root 
cores were collected, preferably during more than one growing season, 2 
significant difference in root weight between pastures would have been 

found. 
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The widespread practice of pasture burning in the Flint Hills at 
differing dates and the variation in grazing intensity observed on similar 
ranges have provided a stimulus for continued research on these subjects. 
This study was designed to evaluate the effects of different burning and 
grazing treatments on the roots of native range plants in six pastures which 
had each been under different management treatments continuously since 1950. 
Root volume, weight, distribution, and carbohydrates were determined from 
soil-root cores collected with a Gidding's hydraulic probe, The effects 
of light, moderate, and heavy stocking on plant roots were compared, as were 
the effects of early, mid, and late-spring burning. ‘Yearling steers and 
heifers grazed all pastures from May 1 to about October 1. 

Three soil-root cores were collected from two range sites in each 
pasture, ‘These sites were ordinary upland in all six pastures, clay upland 
in the three stocking rate pastures, and claypan in the three burning date 
pastures, The soil-root cores were divided into depth increments so that 
root distribution could be analyzed, ‘The soil-root increments were soaked 
in water in 1~gallon cans and soil was washed from the roots using a water 
hose and a screen-bottomed box. 

The correlation coefficient between root weight and volume was quite 
high, with a value of +0.97. The root weight data were subjected to an 
analysis of variance according to range sites within the stocking rate 
pastures and within the burning date pastures, Analyses of variance 
conducted on each of the resulting four groups of root weight data showed, 
at the 0,05 probability level, no significant difference in the amount of 
roots between cores, Unexpectedly, there was no significant difference in 
the total amount of roots between pastures, oe significant difference was 


shown in the distribution of roots throughout the soil profile between 
pastures (pasture x depth). 

Depth or root distrilution within each pasture was the only source that 
was significantly different and it was significant even at the 0,005 level, 
LSD tests were conducted on the root weight meane of the various depth 
inerements te determine which increments exhibited significant difference 
in root acewmlation (0.0§ level), In every instance, the 9 to 4 inch 
depth contained a significantly greater amount of roots than any other 
depth increnent. 

Although there was not a significant difference in the distribution 
of roots between pastures, there appeared te be noticeable trends, As the 
burning date became later, there appeared to be an increase in the amount 
of roots at depths below 24 inches in the ordinary upland range site, and 
below 8 inches in the claypan site, ‘There appeared to be 2 greater amount 
of roots below 24% inches in the moderately grazed pasture than in the 
heavily amd lightly grazed pastures, in the ordinary upland range site, 
although not in the clay upland site, ‘These trends may have been « response 
to soil moisture, Previous measurements taken in the burning cate pastures 
have shown that sof] moisture levels were lowest in the esrly.spring burned 
and highest in late.spring burned pastures, Soil moisture measurements 
taken in the stocking rate pastures have shown that the moderately crazed 
pasture had the lowest soil moisture level, 

Total available carbohydrates in the roots were determined and compared 
in the moderately grazed and late-spring burned pastures. No significant 
difference, at the 0,05 level, was found in the carbohydrate content of 
roots between these pastures on the ordinary upland range site, There was 


& siguificant difference, at the 0,005 level, in the carbohydrate content 
throughout the depth increments. A LSD test revealed that the carbohydrate 
content in the 0 to 4 inch increment was significantly larger than any 
ether increment at the 0.65 level, 


